The permeation, rejection, and transport of electrolytes in water-filled nanopores are critical to ion current gating and desalinalion processes in synthetic porous membranes and the functions of biological ion channels. While the effects of confinement pore polarizability, and discrete channel charge sites have been much studied, the potentially dramatic impact of dipole-lined synthetic pores on electrolytes has seldom been addressed. Dipole layers naturally occur on the interior surfaces of certain nanopores, leading to intrinsic preference for cations or anions. This preference can be exploited when the membrane surface is functionalized differently from the pore interior or when there are alternating dipolar/nondipolar stretches inside a long pore. The dipole-ion interaction is asymptotically unscreened by water, leading to ionic, charge segregated, insulating behavior that can block ion transport, and potentially novel current-voltage (I − V ) characteristics.
Water-filled nanopores exhibit a remarkable ability to exclude or selectively transmit ions. [1] [2] [3] [4] [5] [6] [7] [8] They have important biological functions, and are potentially useful for desalination and other applications. The effects of dielectric mismatch, 1 nanopore diameter, 2 net charge, 7 and polarizability 4,5,9 on ion permeation and rejection have been much studied.
Surprisingly, while the celebrated KcsA channel selectivity filter relies on carbonyl group dipoles pointed radially into its narrow passageway for its function, 8 dipolar decorations in synthetic nanopores have received less attention. A recent force field-based model has however shown that synthetic silica nanopores contain dipoles on its interior surface and exhibit an intrinsic preference for cations -even at the pH of zero charge. 6 This work elucidates the dramatic effect of dipolar layers in nanopores on electrolyte permeation, which may lead to novel current-voltage (I − V ) characteristics, and discusses pore geometries where this effect may be realized. We next use two models to demonstrate how this intrinsic φ d may be exploited: (1) an infinitely long "tube" geometry, with repeating unit cells that have alternating L/2-long stretches where dipoles surface densities exist or vanish (Fig. 1a) ; (2) a "membrane" geometry with dipoles in the pore interior only (Fig. 1b) . Regions with low local dipole density can potentially be achieved by functionalizing silica pores with amine groups. 6 Near
and non dipolar (φ = 0) regions, the pore-axis electrostatic potential is
φ(z, R) is fairly independent of R inside the pore but vanishes rapidly for R > R d . An electric field parallel to the pore interior surface materializes, 11 localized within a distance R d of the entrance. This field is locally screened by water molecules.
Note that in the membrane model, if the membrane surface has the same dipole density as the pore interior surface, it exerts an equal and opposite φ d (z, R = 0) that cancels Eq. 1.
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Hence, to exploit dipolar effects, the two surfaces must be functionalized differently.
To examine ion permeation into water-filled dipolar pores, we apply the atomistic H Nanopores with alternating dipolar and non-dipolar surfaces may result in an ionic, charge segregated, insulating behavior.
We use MC to demonstrate that such a "phase separation" occurs with a confined 0.5 M NaCl inside an infinitely long pore with unit cell L = 240Å and φ d |e| = −72 kcal/mol (see Fig. 1c ). The effective dipole-ion screening for this L is 2.3 (Table I ). This Na + concentration is qualitatively consistent with our simulation of permeation of 1.0 M NaCl into the nanopore in the membrane geometry. 10 To accelerate ion sampling, water is here approximated as a dielectric with ǫ w = 10, likely slightly underestimated because this is obtained by considering a contact ion pair in the tube. 10 We find that ion transport is blocked even upon applying a 0.0025 V/Å electric field screened by ǫ w = 10. We stress that this insulating behavior arises from (1) the almost-unscreened ion-pore dipole interaction dominating the better-screened (ǫ w = 10), ion-ion coulomb interactions, and (2) the alternating dipolar regions leading to a complete absence of cation/anion along lengths of the nanopore. Future simulations of I − V characteristics, taking into account leakage of Na + through the nondipolar regions at long times, will be profitable.
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In conclusion, dipole layers naturally occur in certain nanopores, leading to intrinsic preference for cations or anions. This preference can be exploited when the membrane surface is functionalized differently from the pore interior, or when there are alternating dipolar/nondipolar stretches inside a long pore. The dipole-ion interaction is asymptotically unscreened by water, potentially leading to novel ionic, charge segregated, insulating behavior that can block ion transport. Our finding may lead to new synthetic ion-exclusion membranes.
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